Abstract
Most studies address renal function as a whole, thereby ignoring the importance of regional, segmental and cellular differences. Among these, intranephron heterogeneity refers to the well-known structural, biochemical and functional differences between nephron segments [1] , and internephron heterogeneity to the two distinct populations of cortical versus juxtamedullary nephrons [2] . Regional differences in blood flow and glomerular filtration could also account for functional differences at the level of adjacent, otherwise identical nephrons [3] [5] . During the last 3 years, this technology has yielded major new insights on the dynamics of renal processes in rats [6] [7] [8] [9] [10] [11] . Our data therefore primarily reflect intranephron segmental heterogeneity. An abrupt boundary in tracer uptake preference between continuous nephron segments is indeed evidenced in favourable sections (large arrowheads in Fig. 1, right and Fig. 2C, left) . Intranephron segmental heterogeneity has already been documented for albumin uptake [12] . As a second level of heterogeneity, clear-cut differences in fluorescent dextran preference between adjacent cells in a random, scattered fashion is also evident in some tubular profiles (Fig.  2C, single versus double arrows) . On the top of these two documented levels of structural heterogeneity, functional differences in regional blood flow and/or glomerular filtration may add to the complexity of tubular endocytosis, but this level of heterogeneity has not been addressed here. Finally, the strikingly different handling of two different fluorescent dextran
Fig. 1 Overall heterogeneity of the endocytic uptake by cortical proximal tubules of 10 kD dextrans bearing different fluorochromes. This image was taken at 45 min. after the intravenous injection of a mixture of Alexa488-and Alexa568-dextran 10 kD, using a 25x/NA 0.8 water immersion objective. The fluorophores were simultaneously excited at 800 nm, the emitted fluorescence was collected by separate photomultipliers with channels centered at 525 and 600 nm, respectively, and the merged image was generated by superimposition of the two channels. Ultrafiltrated Alexa568-dextran (red signal) has completely disappeared from the lumen and strongly labels the endocytic apparatus of most proximal tubule segments (the identity of this segment was confirmed by autofluorescence before tracer injection [13]). Alexa488-dextran (green) remains in the lumen of more distal segments of proximal tubules, whose endocytic vesicles are labeled by both dextrans (yellow to orange). Opposite changes in intensity between Alexa568-and Alexa488-dextran from profiles 1 (extensive red labelling of the apical endocytic apparatus, no luminal red signal, no detectable green signal) to 4 (yellow lumen, green cellular dots) is indicative of rapid Alexa488-dextran filtration with full uptake in most proximal segments of proximal tubules (1), delayed ultrafiltration of Alexa488-dextran with preferential uptake in more distal segments of proximal tubules (2-3) and luminal Alexa488-dextran concentration in connecting tubules or initial collecting ducts (4 still endocytically active). The arrowhead at right indicates a sharp transition within a proximal tubular profile between cells that are either labeled by Alexa568-dextran (upper part) or not (lower part). Scale bar, 20 m.
preparations with presumably superimposable size distribution points to an effect of charge density on ultrafiltration and/or endocytosis efficiency [10] .
In conclusion, these are preliminary data which need to be confronted to a thorough biochemical analysis of the size distribution and charge density of tracers used, and call for further studies to better understand the tissular, cellular and molecular basis of the heterogeneity of renal tissular endocytosis. However, it is already clear that multi-photon in vivo imaging is a proper tool to achieve this goal. Moreover, this approach opens fascinating perspectives for detailed investigations of the renal function in transgenic mouse models. 
